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The aim of “SikfSkut Project” is to measure production and productivity and to study 
material and energy cycling as well as regulatory phenomena in a stand of Quercetum 
petraeae cerris of even age (60-65 years) situated at 300 m above sea level in the Bükk 
Mountains. In 1972 the litter production of the research area was 3712 kg/ha distributed 
among the major woody species as follows : Quercus petraeal : 2487 kg/ha (67.0 %), 
Quercus cerris1 : 886 kg/ha (23.9 %), Cornus mas’ : 177 kg / ha (4.8 %) and Acer 
campestre1 : 82 kg/ha (2.2 %), the latter two growing as shrubs (B. PAPP and TOTH, 
1973). 


Earthworms arë absent in this forest, therefore we assumed that mesofauna and 

microbes being the only important litter decomposing organisms the study of litter samples 
confined in bags can reliably characterize the decomposition rates and kinetics, the role 

of microbes and the changes of the major organic and inorganic constituents etc. during 
litter decomposition. 

This paper presents the results obtained during the first year of this study. 


I. METHODS 


Into nylon bags 25 by 25 cm in size (1 mm mesh) leaf litter samples of 10 g air dry 
weight were put in the following combinations :. 

a.Qp ee. Qo + Qc (5:5) c.Cm - g. Qp +Ac (5:5) 

b.Qc f. Qp + Cm (5:5) d.Ac h. Qp+Qc + Cm + Ac (8:1.5:0.3:0.2) 


In this way it was feasible to study separately the decomposition of the litter species 
a.-d. but also the interactions between different litters in the mixed samples. The 
combination “h” approaches the composition of the natural leaf litter in the research - 
forest (B. PAPP and TOTH, 1973) giving possibly some insight into the undisturbed 
decomposition phenomena. 

Leaf litter samples were collected during the main leaf fall period, on Nov. 1. and 


1 Abbreviated as Qp, Qc, Cm and Ac resp., when necessary. 
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Nov. 9. 1972 directly from several individuals of each species studied. The samples were 
dried at room temperature under constant mixing. To obtain combined samples leaves 
of different species were separately weighed out and thoroughly mixed avoiding any 
damage to them. 


On Nov. 17. the bags were deposited on top of the natural litter cover within three sites 
of the homogeneous research area. Each site received 24 samples of a given litter species 
resp. combination. Since there are eight variants (a. - h.) at each site 8 x 24 = 192 bags 
were located. For this reason the total number of bags is 3 x 192 = 576. 


Samplings were made every second month. Two samples of each variant were taken up 
from each site, put separately into water-proof plastic bags, transported into the 
laboratory and examined. Moisture contents and dry weights were determined in each 
litter bag, after drying at 85°C for four days, so our respective data are the means of six 
independent estimations. 


For microbiological assays one g litter of original humidity was employed from each 
variant, the sample being taken from one of the six bags containing identical material. 
Bacteria were counted on beef extract agar containing peptone (beef extract, 3.0g ; 
peptone, 10.0 g ; agar, 20.0 g ; distilled water, 1 litre ; pH 7.2), while the number of fungi 
was estimated on malt extract agar (malt extract, 20.0 g ; glucose, 20.0 g ; peptone, 1g; 
agar, 20.0 g ; dist. water, 1 litre ; pH 5.5). 


To judge hyphal activity the nylon gauze method of WAID and WOODMAN (1957) was" 
used. A week before sampling 3 by 5 cm nylon gauze pieces (mesh size 200 p) were put 
into three bags containing the litter species a. - d. resp. These bags were left in the forest 
until sampling. In the laboratory fungal development was evaluated microscopically 
calculating the % of the meshes containing hyphae. In each piece of gauze 600 meshes, in 
three parallel observations 1800 meshes were checked. 

Analyses of organic and inorganic constituents were carried out on the homogenized 
samples of the variants a. - d. The contents of homologous bags were pooled, dried, and 
finely ground. Lipids, watersoluble carbohydrates, hemicelluloses, cellulose and lignin 
were estimated according to WAKSMAN and TENNEY (1928). 

Because of the limited material available electric pH-meters could not be used. 

Therefore litter pH values were established colorimetrically with methyl orange and 
bromocresol green indicator applying a buffer series for comparison. 


Ash content of the samples was determined after ignition for three hours at 500°C. 

Carbon contents were calculated from the ignition losses. After wet digestion with 0.1NHCI, 
Ca, K, Mg, Na, Mn, Fe, and Zn were estimated with a UNICAM SP 1950 type atomic 
absorption spectrophotometer. Total P was determined spectrophotometrically on the 

basis of the molybdenum blue reaction. Total N was assessed by the Kjeldah! procedure. 
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ll. RESULTS 


1) Rates of litter decomposition 
The litter species are decomposed at different rates (Table 1). Decomposition rates of 
pure samples : Cm > Ac > Qp > Qc those of mixed samples : Qp + Cm >Qp +Ac > 
Qp + Qc + Cm + Ac >Qp + Qc. 
The time course of decomposition was exponential from the beginning for all the litter 
species (Fig. 1). No deviation has been found from the equation 

log Y' = log a + (log. b) . t 
even at the P=0.1 % level (Table 2). The results support the wiev of ANDERSON (1973) 
that in case the microbial decomposing processes predominate the time course is 
exponential. - 
The decomposition curve being exponential we could calculate OLSON’S (1963) 
decomposition factor (k) and also the half time of decomposition (Table 3). 
In the mixed samples decomposition percentages were somewhat lower than it would 
result from those of the pure litter species (Table 4). In agreement with BASARABA and 
STARKEY (1966) we suggest that such inhibitions of microbial decomposition are 
caused by polyphenols occuring in great quantities in oak litter. But these effect are by no 
means lasting and significant ones. 


2) Results of microbial investigations 

The changes of bacterial counts (Figs. 2a and 2b) show similar kinetics in each pure and 
mixed litter sample : maxima occur in May and Nov., minima in March and Aug.-Sept. 
But the total yearly bacterial counts are different : for pure samples : Cm >Ac >Qp > 
Qc ; for mixed samples ; Qp + Cm >Qp + Qc +Cm +Ac>Qp +Ac> Op + Qc. 


This order is similar to that of litter decomposition, i.e. annual bacterial counts and 
decomposition percentages are positively correlated (Fig. 3a) as found also by 
WITKAMP (1966) under conditions comparable to the ours. Fungal counts show similar 
seasonal kinetics as those of bacteria (Figs. 2c and 2d) maxima occuring in May and 
Nov., minimum ones in samples taken in March, Sept. and Oct. But unlike the bacteria, 
the Nov. maximum is higher than that of May. Hyphal activities (Fig. 2e) show no 
exceptionally high values in the autumn, so the great fungal counts of this season must 
partially be ascribed to intensive sporulation and not to growth. This may explain that 
we could not find any correlation between annual fungal counts and decomposition 
percentages while for bacteria such correlation certainly exists (see above). 


In spring hyphal activities (Fig. 2e) show the order : Qc >Qp >Ac >Cm. 

As presented above the values of bacterial counts/year are lower in the oak litters slowly 
degraded than in those of Cornus mas and Acer campestre easily decaying while the 
opposite holds for the hyphal activities. It many therefore be supposed that “shrub” 
litters are primarily. decomposed by bacteria but oak litters by fungi. In agreement, oak 
litters have a lower pH, more favorable for fungal growth as opposed to the higher pH of 
“shrub” litters more suitable for bacteria (Fig. 2f). 


The seasonal changes of the microbial parameters may be due to temperature and 
moisture changes (Fig. 4). In spring and early summer increasing temperature 

and relatively high moisture content result in great microbial activity in the litter but in 
Aug. and Sept. continuously high temperatures and lack of rainfall cause desiccation of 
the litter and low microbial parameters. In Oct. and Nov., during the autumn rainfalls 
litter samples become more wet but falling temperatures permit only a moderate peak 
of microbial activity. 

Generally the average annual moisture contents of individual litter species and their 
decomposition percentages are positively correlated proving the importance of water 
(Fig. 3b). 


3) Organic and inorganic compounds of decomposing litter 

The major organic constituents of the starting samples are shown in Table 5. “Shrub” 
litters contain less lignin than oak litters, which contributes probably to the more 
quick decomposition of the former ones. The watersoluble carbohydrates disappear 
rapidly from each litter species (Fig. 5a). In Cornus litter the hemicellulose content is 
falling particularly quickly (Fig. 5b). The two oak species obviously differ in the 
intensity of hemicellulose decomposition. 

The reduction of cellulose content is equally intensive in each litter species studied 
(Fig. 5c). As referred to the sum of organic constituents the ratio of lignin is increasing 
but its absolute value decreasing during a year’s decomposition (Fig. 5d). 


The initial percentages of the inorganic constituents are given in Table 6. Carbon contents 
are diminishing parallel with the dry weights (Fig. 6). At the outset relative N contents 
decrease but with Qu. petrea and A. campestre exceed later the initial percentages (Fig. 6) 
GOSZ et al. (1973) claim that this increase can be explained by the incorporation of 
exogenous N. The time-course of C/N ratios (Table 6) is an important feature because 
according to LUTZ and CHANDLER (1964) release of N sets in when this ratio lowers 
to the “critical value” of 20 to 30. Consequently initially low C/N ratios speed up N 
release since the critical value is earlier attained. Indeed in Cornus litter the reduction of 
N content could be observed when C/N attained 22.17. 

Litter P is changing like litter N (Fig. 6). Increased contents in the course of 
decomposition may be due to incorporation of exogenous P. Initial C/P ratios were as 
follows : Quercus petraea : 335.5 ; Quercus cerris : 318.6 ; Acer campestre : 274.8 ; 
Cornus mas : 173.4. It is not excluded that low C/P ratios, like those of C/N, are favorable 
for quick decomposition to occur (GOSZ et al. 1973). 

Litter cations were classified according to their speed ofrelease. The first group embraces 
those not incorporated into biological structures hence leached out easily (K, Mg, Na). 

In our experience the release of K was the quickest one, particularly in Cornus litter, but 
Mg and Na were also conspicuously lowered in the shrub” litters decomposing 

rapidly (Fig. 6). 

The second group of cations includes those set free slowly or even accumulating in the 
course of decomposition (Ca, Mn, Fe, Zn). According to GOSZ et al. (1973) Ca is a 
structural element decreasing in parallel with the dry weight. In our studies such 

a correlation could only be demonstrated for Cornus mas (Fig. 6). 


Except in Cornus mas Mn contents are diminishing during decomposition (Fig. 6). 
TUKEY (1970) shows that Mn is present both in the green foliage and the litter as 
divalent form leaching out easily. For the increase of Mn content, if its occurs, 
microorganisms may be responsible. ALEXANDER (1967) mentions a lot of 
microorganisms able to oxidize Mn forming insoluble products. Such an accumulation 
at the expense of exogenous Mn sources may take place in Cornus litter showing 
otherwise the greatest bacterial activity. 

The movement of Fe is rather complex in decomposing litters. Its initial decrease may 
be explained by the washing out of Fe forms chelated by organic compounds. The 
subsequent accumulation - attaining the twice to fivefold of the starting content - may 
be due to microorganisms. Microorganisms degrading organic compounds often 
transform iron into insoluble forms (ALEXANDER, 1967). The soil may serve as an 
exogenous Fe source. Increased water content and acid pH contribute to hold Fe in 
solution facilitating its diffusion into the litter. Probably in connection with their higher 
bacterial counts decomposing “shrub” litters accumulated more iron than oak litters 
did. Of course also the increasing exchange capacity of decomposing litters may be a 
factor in iron accumulation. 

The changes of the Zn content in decomposing litters may result from the interactions 
of leaching, increased microbial activities and exchange capacities (Fig. 6). 


Ash contents were higher in shrub” than in oak litters (Table 6). Cornus litter ash 
content lowers during decomposition unlike the other three litter species. 
The relative intensities of release are the following (in decreasing order ; nutrients 
accumulating between brackets) : 

Quercus petraea : KMgNaZnMn-Ca/FeNP/ 

Quercus cerris : K Mg Na Zn N Mn / Fe CaP / 

Cornus mas : K Mg Na Zn CaP N / Fe Mn / 

Acer campestre: MgKNaMn/FeZnN CaP/ 
4) Element losses from the litter calculated on the unit area basis. 


Starting from the litter production of 1972 and the remaining quantity a year later 
(B. PAPP and TOTH, 1973, see Table 7) the nutrient amounts present in the fresh 
litter and in the litter one year old and also the nutrients returned into the soil were 
calculated for the one ha area. Tables 8 and 9 show that within the one year’s period 
a great part of litter K, Mg and Na returned into the soil but the movement of Zn, 

Mn and Ca was slower. On the other hand the absolute quantities of N, P and Fe amounts 
increased in the litter. 

We remind however that this calculation is based entirely on the litter bag method 
permitting eventually slower decomposition and nutrient release as is possible under 
really natural conditions. 

A certain quantity of the accumulated nutrients may return into the soil, but this 
movement could not be assessed yet as the quantities deriving from diverse exogenous 
sources are not known. 


Ill. CONCLUSION 


The different decomposition rates of the litters studied can only be understood on the 
basis of their physical and chemical particularities. 


Cornus mas and Acer campestre leaf litters are mechanically weak which result in their 
quick abiotic and biotic desintegration. Some other features of them, e.g. low C/N and 
C/P ratios, high ‘pH values, low lignin, high Ca contents, relatively great humidity 
generally favour the decomposing activity of microbes, mainly of bacteria. 


On the contrary the mechanical rigidity of Quercus petraea and cerris litters hinders both 
biotic and abiotic desintegration. Their relatively high C/N and C/P ratios, low Ca 
content, low pH values, high lignin contents and low moisture constitute a set of 
conditions infavorable for microbial activity, in particular the bacterial one leading to 
slow decomposition. 
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Table 1. Time courses of decomposition percentages 


a 


Dets of Desumposiion Qp Qc Cm Ac Qp +Qc Qp+Cm Qp+Ac Qp+Qc 
sampling period in days 
+Cm+Ac 
at ee a DL 
1972 11-17 0 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
1973 1-18 63 12,45 8,35 15,20 7,70 8,42 11,62 16,60 11,50 
3-20 124 22,64 16,28 30,09 20,54 17,71 23,45 18,44 15,31 
5-16 181 26,40 19,29 42,12 29,15 22,48 33,86 24,35 24,12 
8-2 259 30,98 22,71 63,07 40,80 27,33 46,33 31,90 29,72 
9-19 307 33,92 26,88 67,28 40,87 29,61 48,20 35,98 32,30 


11-12 361 36,78 36,09 68,37 44,55 32,11 51,58 38,56 34,91 


Table 2. Parameters of the equation log Y’ = log a + /log b/.t for pure 
and mixed litters 


Litter 

species loga log b n r 

Qp 1.9886 - 0.00045 6 - 0.977% 
Qc 1.9544 - 0.00044 6 - 0.988% 
Cm 2.0000 - 0.00150 6 - 0.982% 
Ac 1.9999 - 0.00074 6 - 0.991% 
Qp + Qc 1.9844 - 0.00044 6 - 0.986% 
Qp + Cm 1.9908 - 0.00090 6 - 0.988* 
Qp + Ac 1.9600 - 0.00048 6 - 0.999% 
Qp+Oc+Cm+Ac 1.9723 - 0.00045 6 - 0.980% 


xX No deviation has been found from the equation even at the P = 0,1 yA level, 


Table 3. Parameters of litter decomposition for pure and mixed litters 


Litter 

species k Tọo.5 / in days / 
Qp 0.4586 550 

Qc 0.4476 559 

Cm 1.1511 217 

Ac 0.5896 424 

Qp + Qc 0.3872 646 

Qp + Cm 0.7553 331 

Qp + Ac 0.4867 514 

Qp +Qc+Cm +Ac 0.4294 582 


Table 4. Comparative significance test of calculated and measured decomposition 
percentages of mixed litters. 


Date of Source of Decomposition % 
sampling data Qp+Qc Qp+Cm Qp+Ac Opt+OctCm+Ac 
1973 c 10.40 13.82 10.07 11.81 
118 m 8.42 11.62 16.60XxXXX 11.50 
320 c 19.46 26.36 21.59 21.86 

m 17.71 23.45% 18.44 15.31XXX 
516 c 22.84 34.26 27.77 25.85 

m 22.48 33.86 24.35XX 24.12 
8 02 c 26.50 47.02 35.89 30.82 

m 27.33 46.33 31.90** 29.72 

r 

919 c 30.40 50.60 37.39 33.98 

m 29.61 48.22 35.98 32.30X 
11 12 c 36.43 52.57 40.66 37.73 

m 32.11% 51.58 38.56% 34.91% 
xP =5.0%,, *xP=1.0%, *xxP=0.1% n=6 


c = calculated ; m = measured 


Table 5. Organic constituents of fresh litters in % 


Litter Lipids Watersoluble Hemicellu- Cellu- Lignin Sum 
species carbohydrates loses lose total 
Qp 4.11 6.55 8.99 40.73 33.98 94.26 
Qc 3.86 8.04 9.24 41.04 34.95 97.13 
Cm 4.75 6.96 8.70 39.53 18.05 77.09 
Ac 3.91 4.39 8.74 48.51 27.43 92.98 


Table 6. Time courses of nutrient contents in leaf litters during decomposition. 


Quercus petraea 

1972 nov. 17 ` 

1973 jan. 11 
márc. 20 
máj. 16 
aug. 3 
szept. 19 
nov. 12 


Quercus cerris 

1972 nov. 17 

1973 jan. 11 
márc. 20 
maj. 16 
aug. 3 
szept. 19 
nov. 12 


Cornus mas 

1972 nov. 17 

1973 jan. 11 
márc. 20 
maj. 16 
aug. 3 
szept. 19 
nov. 12 


Acer campestre 

1972 nov. 17 

1973 jan. 11 
marc. 20 
maj. 16 
aug. 3 
szept. 19 
nov. 12 


c% 


53.68 
53.34 
53.87 
53.37 
51.20 
48.52 
48.68 


54.16 
54.70 
58.08 
53.81 
52.59 
51.75 
48.72 


45.09 
50.20 
51.07 
51.19 
48.87 
46.10 
44.63 


52.22 
50.51 
58.01 
57.50 
58.19 
47.28 
45.52 


N% 


0.88 
0.89 
0.43 
0.99 
1.11 
1.70 
1.90 


1.21 
1.38 
0.51 
0.99 
1.05 
1.42 
1.71 


C:N 


P% 


0.16 
0.14 
0.17 
0.19 
0.25 
0.28 
0.31 


0.17 
0.17 
0.18 
0.21 
0.24 
0.26 
0.28 


0.26 
0.25 
0.26 
0.36 
0.35 
0.39 
0.43 


0.19 
0.22 
0.20 
0.25 
0.34 
0.37 
0.38 


Ca % 


K% 


0.36 
0.16 


0.09 
0.12 


0.12 
0.12 
0.13 


0.58 
0.20 
0.14 
0.14 
0.12 
0.14 
0.15 


0.82 
0.33 
0.12 
0.18 
0.11 
0.07 
0.13 


0.44 
0.28 
0.12 
0.16 
0.15 
0.07 
0.14 


0.40 
0.31 
0.31 
0.27 
0.29 
0.13 
0.15 


1684 
1650 
1961 
1790 
1913 
2421 
2232 


1933 
1612 
1908 
1949 
1615 
2487 
2887 


299 
413 
432 
717 
965 
969 
1070 


1256 
1388 
1385 
1175 
1315 
1585 
2022 


136 
181 
131 
148 
166 

40 
111 


193 
264 


38 
49 
44 
57 
68 
50 
47 


56 
70 
45 
56 
81 
40 
58 


53 
125 
75 
100 


Mg % Mnppm Feppm Nappm Znppm Ash % 


7.42 
8.03 
7.29 
8.22 
9.71 
11.59 
16. 48 


6.59 
7.47 
5.98 
7.42 
9.61 
11.20 
15.93 


13.26 
13.45 
12.20 
11.95 
16.00 
20.72 
23.18 


9.88 
12.90 
11.50 
12.64 
14.88 
18.57 
21.49 


Table 7. Litter production in 
kg per hectare. 


Quercus petraea 
Quercus cerris 
Cornus mas 


Acer campestre 


1972 and litter quantities remaining a year later in 


Fresh litter 
2487 
886 
177 
82 


Litter a year later 
1572 
566 
56 
45 


Table 8. Return of nutrients (kg/ha) into the soil from the litter between 


Nov. 1972 and Nov. 1973. 
N 


Mg 


Na Mn Fe 
0.338 4.189 0.701 
0.175 3.509 3.482 
0.163 0.680 -2.781 

48.22 16.23 -396.70 
0.171 1.713 0.322 
0.062 1.635 1.209 
0.109 0.078 -0.887 

63.74 4.55 -275.46 
0.061 0.053 0.076 
0.007 0.060 0.174 
0.054 -0.007 -0.098 

88.52 -13.20 -128.94 
0.026 0.104 0.047 
0.007 0.093 0.149 
0.019 0.011 -0.102 

73.08 10.57 -217.02 


P Ca K 
QUERCUS PETRAEA 
A 21.888 3.979 28.451 8.733 
B 29.877 4.874 26.208 1.973 
c -7.989 -0.895 2.243 6.760 
% -36.50 -22.50 7.88 77.41 
QUERCUS CERRIS 
A 10.723 1.506 8.619 5.070 
B 9.685 1.585 12.809 0.801 
Cc 1.038 -0.079 -4.190 4.269 
% 9.68 -5.25 -48.61 84.20 
CORNUS MAS 
A 2.080 0.462 4.846 1.456 
B 1.394 0.241 1.937 0.063 
Cc 0.686 0.221 2.909 1.393 
% 32.98 47.84 60.03 95.47 
ACER CAMPESTRE 
A 0.902 0.157 1.456 0.362 
B 1.023 0.174 1.619 0.057 
Cc -0.121 -0.017 -0.163 0.305 
sA -13.41 -10.83 -11.19 84.25 
A: starting quantities of nutrients 
B: nutrient quantities remaining in the litter a year later 
C: nutrient quantities recovered by the soil 
%: recovered quantities (C) expressed in % of the starting ones (A) 


(Negative signs indicate quantities transferred from the soil into the litter horizon) 
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Table 9. Nutrient quantities initially present (A) and those found in the litter a year 
later (B) as well as quantities returned into the soil (C) in kg per hectare. 
% : C expressed in % of A. 


(Negative signs indicate transfer from the soil into the litter horizon). 


N P Ca K Mg 


35.593 6.104 43.372 15.621 16.251 


8 41.989 6.874 42.573 2.894 3.288 
C 6.396 0.770 0.799 12.727 12.964 
$ -17.969 -12.61 1.84 81.47 79.77 
Na Mn Fe Zn 
A 0.596 6.059 1.146 0.211 
B 0.251 5.297 5.014 0.125 
0.345 0.762 -3.868 0.086 
pA 57.89 12.58 -337.5 40.76 
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Figure 1. Time course of the weight of remaining litter in % of the starting quantity 
expressed on the logaritmic scale. 
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Figure 2. Time course of bacterial counts (a, b), fungal counts (c, d), hyphal activities (e), 
and pH (f) during the decomposition. 
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Figure 3. Correlation between the annual decomposition % and the bacterial counts year (a) 
resp. between the annual decomposition rA and the mean annual moisture content (b) for 
different litter species (1: Qp, 2:Ac, 3: Qp + Cm, 4: Qp + Qc + Cm + Ac, 5: Qc, 

6: Qp + Qc, 7: Qp + Ac, 8: Cm) 
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Figure 4. Seasonal changes of moisture content and temperature during the 
decomposition of pure (a) and mixed (b) leaf litters. 
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Figure 5. Changes of watersoluble carbohydrates (a), hemicelluloses (b), cellulose (c), 
and lignin (d) in $ of the starting quantities during litter decomposition. 
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Figure 6. Changes in the C, N, P, K, Mg, Na, Ca, Mn, Zn content of the litter in y 


of the starting quantities. 


